Agribusiness Reports
Volume 2011 AGRIBUSINESS REPORTS | 2011

Article 1

2011

The Economics of Adopting Alternatives to Gestation Crate
Confinement of Sows

Follow this and additional works at: https://www.wellbeingintlstudiesrepository.org/agreports
Part of the Agribusiness Commons, Animal Studies Commons, and the Operations and Supply Chain
Management Commons

Recommended Citation
(2011) "The Economics of Adopting Alternatives to Gestation Crate Confinement of Sows," Agribusiness
Reports: Vol. 2011 , Article 1.
Available at: https://www.wellbeingintlstudiesrepository.org/agreports/vol2011/iss2011/1

This material is brought to you for free and open access
by WellBeing International. It has been accepted for
inclusion by an authorized administrator of the WBI
Studies Repository. For more information, please contact
wbisr-info@wellbeingintl.org.

An HSUS Report: The Economics of Adopting Alternatives to
Gestation Crate Confinement of Sows
Gestation crate confinement of sows
Gestation crates are individual stalls with metal bars and concrete floors that confine pregnant pigs in the
commercial pork production industry. Gestation crates measure 0.6-0.7 m (2.0-2.3 ft) by 2.0-2.1 m (6.6-6.9 ft),
only slightly larger than the animals themselves, and restrict movement so severely that the sows are unable to
turn around.1 In typical pig production facilities, gestation crates are placed side by side in long rows. They are
primarily used on large-scale industrialized pig production operations, where thousands of pigs are produced
annually in warehouse-like buildings.

Sows in gestation crates.
Photo by Humane Society of the United States

There are a number of significant animal welfare concerns
associated with gestation crates for sows,* including tangible
physical and psychological consequences. Studies document
a decrease in muscle weight, bone density, and bone strength
due to movement restriction and lack of exercise.2,3 Unable
to engage in natural rooting and foraging behavior, crated
sows often engage in “stereotypic” bar-biting, an abnormal
behavior characterized by repeated mouthing movements on
the metal rails of the crate.4,5,6,7,8,9 Crated sows also suffer
from health problems associated with confinement including
a higher rate of urinary tract infections as compared to
uncrated sows.10 Continuous close confinement is a topic of
serious ethical deliberation, and gestation crates have been
banned in eight states in the United States,† Tasmania,11 New
Zealand,12 and all 27 members of the European Union.13

Alternative systems
Alternative systems that do not rely on gestation crate confinement have the potential to greatly improve the
welfare of sows. The most basic alternative is simply to move the sows out of gestation crates and into group
housing pens. Group housing designs vary by pen layout, group size, and method of feed presentation. The way
that feed is offered is important, because competition between sows can lead to aggression, especially in a floor
feeding system where the feed is simply dropped into the pen. To overcome this problem, farmers have
developed trickle feeding systems, individual feeding stalls, and Electronic Sow Feeding (ESF) equipment, all
of which reduce feed-associated fighting among sows. In trickle feeding systems, sows are fed either on the
floor or in short stalls that protect their head and shoulders while the feed ration is gradually released into a
trough at the head of each stall. The feed is ‘trickled’ into the trough at a rate that the slowest animal can
*

For more detailed information, see: “An HSUS Report: Welfare Issues with Gestation Crates for Pregnant Sows” at
www.humanesociety.org/assets/pdfs/farm/HSUS-Report-on-Gestation-Crates-for-Pregnant-Sows.pdf and “An HSUS
Report: The Welfare of Sows Used for Breeding in the Pig Industry” at
www.humanesociety.org/assets/pdfs/farm/welfare_breeding_sows.pdf.
†
For more information, see: “An HSUS Report: Welfare Issues with Gestation Crates for Pregnant Sows” at
www.humanesociety.org/assets/pdfs/farm/HSUS-Report-on-Gestation-Crates-for-Pregnant-Sows.pdf
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consume, thus preventing the accumulation of feed that sows might fight over. In systems with individual
feeding stalls (also called free-access stalls), sows are completely separated at feeding time. Sows enter the stall
and the back gate closes behind them until they are finished eating. Thin sows can be given additional feed by
hand. In the ESF system, sows are also fed individually. The ESF is an enclosed stall with separate, computercontrolled entrance and exit gates. Several group housed sows take turns using one ESF throughout the day.
Each sow is fitted with an electronic identification transponder in an ear tag that is read by the computer. The
animal is identified by the transponder and her daily ration is released inside the ESF where she consumes her
feed without interference from other sows.14
A variety of other, usually more modest size, alternative systems are also available. These not only address
animal welfare concerns but can also have environmental and sustainability benefits as well. These include
indoor group housing in deep-bedded, Swedish-style systems and simple hoop barn structures—both of which
house sows on straw or another bedding material—and outdoor pasture-based systems with small huts for
shelter. Some producers using these alternative housing systems combine their pig production enterprise with
additional animals and plant crops, diversifying the farm and diffusing the pig population over a greater land
area, which reduces the environmental burden of concentrated pig production and has advantages for rural
communities and farmers’ quality of life.15
Producers may be concerned about the costs of switching to group housing or the profitability of a less intensive
system, and consumers may be concerned about the price of pork at the retail level when purchasing from an
alternative system. The remainder of this review addresses the economic impacts of adopting more welfarefriendly systems.
Production costs to farmers
Investment costs (or capital costs) are expenses associated with constructing new buildings or switching to an
alternative system. Conventional confinement buildings are capital intensive, therefore producers will often
spread out the cost over many animals by confining a large number of individuals together under one roof. 16
The capital costs of alternative systems for group housing sows vary widely depending on the housing structure,
the type of feeding system used, and the building space required.17
In an existing building, production costs can be divided into two types: fixed costs and operating costs. Fixed
costs depend on the value of the facility and occur independently of how the building is used, and include
interest payments on loans for farm buildings, insurance, taxes, depreciation, and repairs. Operating costs (or
variable costs) are the costs of running the system, and include expenses such as utilities, feed, and labor.18
Economic analyses comparing the expenses of building or converting to group housing systems are few,19 and
the results of existing studies vary considerably. Because the published studies often do not report all details of
the cost calculations or the housing system examined, comparing and summarizing studies may leave
contrasting results unexplained. Costs will also differ depending on geographical location, local conditions, and
environmental regulations. Construction supply availability and pricing will obviously differ depending on the
country and region in which the facility is built.
Group housing in confinement buildings
Due to the high cost of steel needed to build individual gestation crates,20 estimates of construction costs for
group housing sows often show that it is less expensive to build a group housing facility for sows. However,
cost differences depend on the amount of space provided to each sow and the complexity of the group housing
pen. An economic comparison in Canada found that the capital costs per sow space of a group housing facility
for 1000 sows providing 18ft2 (1.7 m2) per sow were 30% lower than the costs of construction of conventional
gestation crate housing, but when the group housing facility provided more space per sow (26ft2; 2.4 m2) and
wall dividers within the pens, the cost was just 4% lower.21 In a report for the European Commission, data
presented by the Scientific Veterinary Committee using Dutch farm and price conditions showed that every 5.4
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ft2 (0.5m2) increase in space per sow resulted in an approximately 1% increase in investment and housing costs
and a 0.3% increase in total costs per piglet sold.22
In other cases, the particular scenario examined shows contrasting results, with greater costs for group housing.
Using software developed in the United States by the National Pork Board, Lacey Seibert and Bailey Norwood
working in the Department of Agricultural Economics at Oklahoma State University concluded that the
construction costs for new group pen and gestation stall production facilities would be identical.23 This is
supported by studies in Canada in economic comparisons prepared for the Alberta Livestock Industry.24
However, Seibert and Norwood determined that because the group housing facility in the scenario they
examined would hold 18% fewer sows, the fixed costs would be $26.88 per finished pig in the confinement-stall
system and $32.78 in the group housing system. They also assumed that labor costs would be higher because
group housed sows may be temporarily moved into individual stalls for care and breeding, which requires more
work. They reported an overall cost increase of $8.94 per finished pig for group housing. When the costs of
converting from gestation crates to group housing prior to the end of the depreciation period on current facilities
were included in the final figure, the cost was $10.09 more per pig.25
The type of feeding system used in the group housing
system can also make a substantial difference in the
overall economic analysis. A study conducted in the
Netherlands comparing conventional and free-access
stalls, trickle feeding, and ESF group housing systems,
found that investment costs were highest for freeaccess feeding stalls and trickle feeding systems. Like
gestation crates, these systems require construction of
enclosed or partially enclosed individual feeding
spaces. Investment costs for the ESF system, however,
were lower than that of gestation crates.26,27
In addition to differences in labor requirements, the
amount of feed sows consume also differs between
group housing systems. In the study conducted in the
Netherlands, feed intake for sows in their first
Group housing with Electronic Sow Feeding (ESF) system (left).
pregnancy was higher in the free access stalls and the
Photo credit: Tom Parsons, DVM, University of Pennsylvania
trickle feeding system compared to the conventional
crates and the ESF system, and for multiparous sows (those in their second pregnancy or beyond) feed intake
was lowest in the ESF system. Records of the amount of labor needed in each system showed that working time
was less in the ESF system, however this difference accounted for only 3% of the total time, because working
with the dry (non-lactating) sows made up less than 10% of the total working time on the sow farm. 28
Table 1 summarizes the three economic studies that report figures for investment, feed, labor and total costs
between different types of group housing systems as compared to conventional gestation crates. While some
group housing systems cost more than gestation crate facilities, the studies available show that those with ESF
stations actually cost about the same or even less. Additionally, productivity between systems is comparable or
better in alternative systems,29,30,31 although lameness and fighting can be a concern.32 In total, the data indicate
that the costs associated with group housing can be as low as the costs associated with gestation crates, but in
cases where group housing is more expensive, the differences are not prohibitive, and they are less than
consumer willingness to pay estimates, discussed below.
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TABLE 1. RELATIVE COST CHANGE IN GROUP HOUSING AS COMPARED TO GESTATION
CRATE HOUSING (% DIFFERENCE)

STUDY
Seibert and
a
Norwood

Backus, Vermeer
b
and Roelofs et al.

SVC

c

FEED SYSTEM
TYPE

CAPITAL
INVESTMENT
COSTS

FEED COSTS

LABOR
COSTS

TOTAL
COSTS

NOT SPECIFIED

0

0

+22

+7.5 to +8.4

TRICKLE
FEEDING

+4.3

0

+0.2

NA

INDIVIDUAL
FEED STALLS

+28.7

0

-0.07

NA

ELECTRONIC
SOW FEEDER

-2.1

-3.6

-2.6

NA

ELECTRONIC
SOW FEEDER

-0.2

NA

NA

-0.6

a. Based on figures of cost per finished pig provided in Seibert L and Norwood FB. 2011. Production costs and animal welfare for four
stylized hog production systems. Journal of Applied Animal Welfare Science 14:1-17
b. Calculated from investments costs per sow, feed figures for a multiparous sow, and labor for the whole experimental farm in Backus GBC,
Vermeer HM, Roelofs, et al. 1997. Comparison of Four Housing Systems for Non-lactating Sows. Research Institute for Pig Husbandry,
Netherlands, Report P5.1. http://edepot.wur.nl/120583.
c. Based on figures from table 6.5 of the Scientific Veterinary Committee, Animal Welfare Section. 1997. The welfare of intensively kept pigs.
For the European Commission; Report nr Doc XXIV/B3/ScVC/0005/1997. http://ec.europa.eu/food/fs/sc/oldcomm4/out17_en.pdf.
NA = data not available

Buildings and equipment have a finite life, and must be updated and refurbished at regular intervals, no matter
what the housing system. Economic estimates assume that the lifetime of buildings and equipment is 20 years.33
While the costs of constructing a new group housing facility may be similar to the costs of building a new
gestation crate facility, Seibert and Norwood point out that producers may have to convert from gestation crates
to group housing in an already existing facility before gestation crate equipment wears out. They determined
that the cost of converting gestation stalls to group pens would be $1.15 per finished pig, if the original facility
was ten years old.34 However, the extra investment costs would be higher in recently built facilities, as
depreciation would not have yet decreased the value of the earlier investment.35 Conversely, if the conversion is
made at the end of the reasonable lifetime period of the gestation crate facility, the cost calculation per finished
pig would decrease.
The costs of renovating a gestation crate facility to a group housing system include the depreciated cost of the
existing building, the cost of new equipment (minus the salvage cost of old equipment), and the labor required to
remove the old equipment and install new equipment. In a typical gestation crate facility, approximately 30% of
the floor space is dedicated to the access areas for stockpersons, and are therefore not used by the sow. An
economical way to convert from gestation crates to group housing is to utilize this extra space, by removing the
back of the crates to permit open access. Group housing systems can thus save space by partitioning more of the
access areas to the sows. In an ESF system space can be used efficiently by providing 95% of the building floor
area to the sows, instead of the 70% typical in conventional gestation crate housing.36
Because each individual situation is different, producers may need information that fits the economic conditions
for the geographical location and resources available at their own production site. The National Pork Board in
the United States has created an on-line tool called the “sow housing calculator” that producers can use to
determine the expenses for their own particular set of circumstances.37,38
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Group housing in hoop barns
Hoop barns are simple structures made of steel arches attached to wooden sidewalls and covered with polyvinyl
fabric. The ends of the hoop structure are open most of the year, but can be closed or partially closed in cold
winter months. The floor is typically dirt covered with bedding, usually straw, corn stalks, or sometimes sand.
The capital costs of hoop barns are much less than conventional confinement facilities. As part of a long-term
research project on alternative pig production facilities conducted at Iowa State University, it was determined
that hoop barns can be built for 30% less than the cost of a conventional confinement facility with gestation
crates. General contractors working in agricultural construction and equipment and materials suppliers were
surveyed for the study. Materials for the conventional
gestation crate facility were based on a 78.74 by 449.5 ft
(24 by 137 m) building holding 1,700 sows and with
mechanical ventilation, totally slatted flooring, and a
manure flush system below. For the hoop barns, materials
were based on 29.9 by 89.9 ft (9.1 by 27.4 m) facilities
each housing 52 sows. Because hoop barns provide more
space per sow, land costs are higher, but the building
structure, ventilation system, flooring, manure storage, and
feed and water systems are all significantly less. For
facilities housing a total of 1,700 sows, construction costs
were estimated at $820.00 per sow space in a confinement
building with gestation crates and only $570.00 per sow
space in the hoop barn.39
Operating costs also differed: mechanical ventilation in
confinement buildings cost more to run than utility use in
hoop barns. However, bedding is an expense in hoop barns
that is absent in typical confinement facilities. Feed costs are also higher in hoop barns, because sows eat more
during winter months if the temperature is not controlled.40 Productivity, including pre-weaning mortality of
piglets and weaning weight, is comparable between hoop barns and confinement facilities with gestation
crates.41 The Iowa State researchers found that the overall cost per pig weaned is 3% less in hoop barns
compared to those produced in individual stall gestation systems. If prolificacy in hoop barns is increased, as
previous work suggests that it could be, then production costs can be as much as 10% lower.42 The authors
concluded that in the geographic location of the study, optimally managed deep-bedded hoop barns can produce
weaned pigs at a lower cost than typical gestation crate confinement facilities.43
Deep bedded hoop barn, University of Minnesota at Morris
Photo credit: Marlene Halverson

Group housing in deep-bedded, indoor, Swedish systems

Swedish deep-bedded gestation housing
Photo credit: Marlene Halverson

The Swedish system for group housing gestating sows on
deep straw with individual feeding stalls—one for each
sow in the group—is economically competitive on modestsized farms (100 to 500 sows) and has generated interest in
other countries. The system was developed by a farmer
near Stockholm in the 1970s and quickly spread to other
farms in the country as farmers found that it was the best
way to feed and maintain healthy sows.44,45 In this system,
sows are housed indoors in groups on a deep bed of straw.
The sows are fed individually in free-stalls and this allows
the producer to adjust the diet of each sow individually,
reduces fighting, and eases management for administering
vaccinations, sorting, or performing artificial insemination.
As compared to typical confinement operations, sow
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mortality is low and sow longevity is better.46 Soiled bedding is removed with skid loaders that enter through
large doors at the side of the building,47 while the sows are temporarily confined to their feeding stalls.48
Ongoing research in the United States, at the University of Minnesota, in the Morris "Swedish" gestation
housing system project, continues to operate and produce successful results.49 The pre-weaning mortality rate of
piglets has continued to decline as the system has been studied and as barn staff has become more familiar with
and adjusted management practices.50
Few economic analyses are available, but labor demand has been calculated at 18 hours/sow/year and includes
repairs, cleaning, medicating, moving sows, and providing assistance at farrowing. These requirements are
thought to be lower than conventional operations, but labor needs are higher in the Swedish system for
observation, management, and planning.51
Group housing in pasture-based systems
A renewed interest in outdoor pig production has expanded internationally including in North America, parts of
Europe, and in South Africa. Outdoor pig farms can range considerably in size, from very small (10 sows or
less) to very large farms with 10,000 sows.52 In pasture-based pig production, sows gestate and sometimes give
birth outdoors in small huts. The huts are bedded with straw and are portable by tractor so they can be rotated to
fresh pasture. Huts may be insulted for winter farrowing53 or farrowing may be seasonal.54 Electric, low-cost
fences are used to contain the pigs, and the stocking density may be 7-15 sows per acre. These farms often
diversify by including a crop production enterprise in addition to the pigs. The freedom of movement and
natural environment offer animal welfare benefits, but these operations also provide employment in rural areas,
distribute the farmer’s financial risk, and support the local economy. The system is sustainable, as crops can be
used to feed pigs and pig manure can be utilized to fertilize cropland in a small enough quantity that the land can
absorb it.55 Outdoor pig production is becoming more popular in the United States, especially in geographical
areas that are not traditionally areas of highly concentrated swine production, such as Oklahoma and Colorado.56

Gestating sows on pasture
Photo credit: Diane and Marlene Halverson

Pasture-based pig production is a low-input enterprise.
Investigations show that these systems have lower initial,
fixed, and annual capital improvements costs. When pigs
are kept on pasture, there are no manure hauling
requirements and studies in Iowa have reported excellent
herd health. There are also lower energy costs, and fewer
odor problems. However, pastured pigs have slightly lower
weight gain and feed efficiency, and slightly higher feed
costs. Pigs consume more during the winter months when
energy is needed to maintain body heat. There is also a cost
associated with the provision of bedding,57,58 and there may
be fewer pigs weaned per litter and per sow per year.59
Producers can purchase “seed stock” from other outdoor
producers in order to start with sows well-suited for
pasture-based production.60

Total production costs for a “finished” pig in an outdoor
system include feed, labor, utilities, health, repairs, and other fixed costs. A survey of “farrow-to-finish” outdoor
operations in Iowa found that fixed costs were $3.33 less per weaned pig and the total production costs of a 250
lb. pig were $4.88 less than pigs housed in conventional indoor production operations, despite the fact that there
were fewer pigs weaned per litter, fewer overall pigs per year, and lower feed efficiency.61 A 2006 study of a
variety of pig production systems in the U.K. found that the production costs per weaned pig were lowest for
pasture systems (£22.39) and were substantially higher (£23.19 to 23.34) for indoor, crate-based systems.62
Pasture-based systems have a high rate of return compared to the capital invested.63
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The disadvantages of pasture-based systems are the greater potential for internal parasites and less
environmental control to moderate temperature extremes. 64 Therefore it is vital producers use effective parasite
control and that they take steps to protect their animals from the elements in order to ensure the welfare of their
pigs. However, pastured pigs often have lower health expenses as compared to confinement systems, because
the close proximity of pigs in crowded indoor facilities can increase the rate of disease transmission.65
Pasture-based systems are flexible and involve less financial risk,66,67 which is a substantial economic benefit.
They can be expanded or downsized in response to market conditions,68 and the pay back period may be just
three to five years.69 The opportunity for low cost expansion makes pasture-based systems attractive to riskaversive entrepreneurs.70 Coupled with the animal welfare and environmental advantages, pasture-based systems
have the potential to become more widespread in countries where discerning consumers are concerned about
food production methods.
Retail prices for consumers
For consumers, the price increase associated with switching from gestation crates to group housing is small.
Seibert and Norwood estimate that the cost of producing finished pork in a conventional system using gestation
crates is $0.45 per pound. Assuming corn prices of $3.00 bushel, the cost of producing finished meat in an
intensive system using group housing instead of gestation crates is $0.48–$0.49 per pound. In systems that
provide more generous space allowances and bedding, costs would be $0.53–$0.65 per pound of finished meat.
In pasture-based outdoor systems, costs would be $0.50–$0.55.71 Since many of the other studies reviewed
above find that costs may actually be lower in some alternative systems, these price changes represent a
conservative estimate.
Retail prices do not accurately reflect production costs, because they also include the costs associated with
bringing the animals to slaughter, packaging, distributing, marketing and the final retail mark-up. In the United
States, only about 19 cents out of every dollar spent on food goes to the farmer while the other 81 cents is used
for transforming the raw food inputs into salable products for grocery store shelves and other retail outlets.72 The
total cost of production breaks down as follows:
15% production
10% slaughtering
25% processing and packaging
20% distribution
30% retailing73
The monetary value that consumers are willing to pay for welfare improvements as expressed in surveys and
experiments—even when involving real money and real pork purchases—are typically higher than grocery store
prices for pork produced in alternative systems.74 One 2011 study found that a complete ban on gestation crates
in the United States would increase retail pork prices by 2-5%, depending on the alternative that replaces the
conventional system.75 This study found that the cost of banning gestation crates is lower than other estimates of
consumers’ willingness-to-pay. As explained by Seibert and Norwood:
Suppose that all pork was initially produced under the confinement-stall system and then converted to
the confinement-pen system. The cost of this transition would be modest—increasing costs at the farm
level by 9% and the retail level by 2%—if all costs were passed on to the consumer. In absolute terms,
this implies the retail price of pork would increase by a maximum of $0.065 per retail pound. Will
consumers pay this price? Fortunately, studies have been conducted to answer this question. Consumer
surveys have shown that the average American is willing to pay $0.34 per pound more for pork
produced in a confinement-pen system than a confinement-crate system .... Thus, banning gestation
crates creates an average value of $0.34 per pound but only costs an extra $0.065 per pound.76
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Small- and medium-sized independent swine farms are finding that there is an expanding niche market for meat
from pigs raised in an alternative system.77 The price of some pork produced in pasture-based systems is often
200–300% higher than pork from conventional gestation crate systems sold at major food retailers. Seibert and
Norwood point out that this premium is much higher than the increase in production costs of pasture-based
systems.78 Yet there is a sub-set of consumers who are willing to pay for meat that is produced in these more
environmentally and socially sustainable systems.
Conclusions
Asking that pigs have the simple freedom of turning around is a modest request, yet compliance would make a
substantial improvement in the lives of many animals. The costs of making a gradual transition are not trivial to
producers, but can be reasonable with careful consideration and planning. Many alternatives are available, and
the decision to engage in animal welfare reforms is very likely to be perceived favorably by consumers. The
resulting costs at the retail level will be minimal. A subset of consumers will continue to pay a premium for
meat produced in alternative systems that lead to even greater animal welfare improvements. Recognizing
consumer concern and willingness to pay for improved welfare, some companies such as Smithfield and Maple
Leaf have pledged to phase out the use of gestation crates in the United States and Canada,79,80,81,82 and niche
pork markets are continuing to expand.83 Gestation crates are clearly no longer socially viable and given the
current climate of animal welfare reform, further investment in new gestation crate systems is inadvisable.
1

Commission of the European Communities. 2001. COM(2001) 20 final 2001/0021 (CNS) Communication
from the Commission to the Council and the European Parliament on the welfare of intensively kept pigs in
particularly taking into account the welfare of sows reared in varying degrees of confinement and in groups.
Proposal for a Council Directive amending Directive 91/630/EEC laying down minimum standards for the
protection of pigs.
2
Schenck EL, McMunn KA, Rosenstein DS, Stroshine RL, Nielsen BD, Richert BT, Marchant-Forde JN, and
Lay Jr. DC. 2008. Exercising stall-housed gestating gilts: effects on lameness, the musculo-skeletal system,
production, and behavior. Journal of Animal Science 86:3166-80.
3
Marchant JN and Broom DM. 1996. Effects of dry sow housing conditions on muscle weight and bone
strength. Animal Science 62:105-13.
4
Ekesbo I. 1981. Some aspects of sow health and housing. In: Sybesma W (ed.), The Welfare of Pigs (London,
England: Martinus Nijhoff Publishers).
5
Vestergaard K and Hansen LL. 1984. Tethered versus loose sows: ethological observations and measures of
productivity. I. Ethological observations during pregnancy and farrowing. Annales de Recherches Veterinaires
15(2):245-56.
6
Arellano PE, Pijoan C, Jacobson LD, and Algers B. 1992. Stereotyped behaviour, social interactions and
suckling pattern of pigs housed in groups or in single crates. Applied Animal Behaviour Science 35:157-66.
7
Vieuille-Thomas C, Le Pape G, Signoret JP. 1995. Stereotypies in pregnant sows: indications of influence of
the housing system on the patterns expressed by the animals. Applied Animal Behaviour Science 44:19-27.
8
Soede NM, Helmond FA, Schouten WGP, and Kemp B. 1997. Oestrus, ovulation and peri-ovulatory hormone
profiles in tethered and loose-housed sows. Animal Reproduction Science 46:133-48.
9
Goossens X, Sobry L, Ödberg F, et al. 2008. A population-based on-farm evaluation protocol for comparing
the welfare of pigs between farms. Animal Welfare 17:35-41.
10
Scientific Veterinary Committee, Animal Welfare Section. 1997. The welfare of intensively kept pigs. For the
European Commission; Report nr Doc XXIV/B3/ScVC/0005/1997, p. 96.
http://ec.europa.eu/food/fs/sc/oldcomm4/out17_en.html. Accessed May 16, 2008.
11
Australian Broadcasting Corporation. 2010. Govt to ban sow stalls. ABC News, June 10.
www.abc.net.au/news/2010-06-10/govt-to-ban-sow-stalls/861924. Accessed November 3, 2011.
12
Australian Broadcasting Corporation. 2010. New Zealand bans sow stalls. ABC Rural news, March 12.
www.abc.net.au/rural/news/content/201012/s3083937.htm. Accessed November 3, 2011.

8

13

Commission of the European Communities. 2001. Council Directive 2001/88/EC of 23 October 2001
amending Directive 91/630/EEC laying down minimum standards for the protection of pigs. Official Journal of
the European Communities L316:1-4.
14
Gonyou HW. 2003. Group housing: alternative systems, alternative management. Advances in Pork
Production 14:101-7.
15
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
16
Seibert L and Norwood FB. 2011. Production costs and animal welfare for four stylized hog production
systems. Journal of Applied Animal Welfare Science 14:1-17.
17
Edwards S. 2008. Balancing sow and piglet welfare with production efficiency. Proceedings of the 8th
London Swine Conference: Facing the New Reality. April 1-2, London, Ontario, pp. 17-30.
18
Lammers PJ, Honeyman MS, Kliebenstein JB, and Harmon JD. 2008. Impact of gestation housing system on
weaned pig production cost. Applied Engineering in Agriculture 24(2):245-9.
19
Buhr B. 2009. The costs of switching from stalls to pens. National Hog Farmer, February 15.
20
Cook NJ, Lund K, Feddes J, Schaefer AL, Haley DB, and Church JS. 2008. Economic and welfare
comparison of three group housing systems for gestating sows and gilts. Final Report to the Alberta Livestock
Industry Development Fund (Project # 2003A056R). www.afac.ab.ca/research/projects/08sowhousingstudy.pdf.
Accessed October 2, 2011.
21
Blackwell T, Kains F, and Wilson R. 2003. Global pork trade and the design of pens for dry sows. 22nd
Centralia Swine Research Update, Kirkton Ontario, 29 January, pp. I21-4.
www.centraliaswineresearch.ca/proceedings/2003/csru2003proceedings.pdf. Accessed June 8, 2011.
22
Scientific Veterinary Committee, Animal Welfare Section. 1997. The welfare of intensively kept pigs. For the
European Commission; Report nr Doc XXIV/B3/ScVC/0005/1997.
http://ec.europa.eu/food/fs/sc/oldcomm4/out17_en.pdf. Accessed June 21, 2011.
23
Seibert L and Norwood FB. 2011. Production costs and animal welfare for four stylized hog production
systems. Journal of Applied Animal Welfare Science 14:1-17.
24
Cook NJ, Lund K, Feddes J, Schaefer AL, Haley DB, and Church JS. 2008. Economic and welfare
comparison of three group housing systems for gestating sows and gilts. Final Report to the Alberta Livestock
Industry Development Fund (Project # 2003A056R). www.afac.ab.ca/research/projects/08sowhousingstudy.pdf.
Accessed October 2, 2011.
25
Seibert L and Norwood FB. 2011. Production costs and animal welfare for four stylized hog production
systems. Journal of Applied Animal Welfare Science 14:1-17.
26
Backus GBC, Vermeer HM, Roelofs, et al. 1997. Comparison of four housing systems for non-lactating sows.
Research Institute for Pig Husbandry, Netherlands, Report P5.1. http://edepot.wur.nl/120583. Accessed June 20,
2011.
27
Scientific Veterinary Committee, Animal Welfare Section. 1997. The welfare of intensively kept pigs. For the
European Commission; Report nr Doc XXIV/B3/ScVC/0005/1997.
http://ec.europa.eu/food/fs/sc/oldcomm4/out17_en.pdf. Accessed June 15, 2011.
28
Backus GBC, Vermeer HM, Roelofs, et al. 1997. Comparison of four housing systems for non-lactating sows.
Research Institute for Pig Husbandry, Netherlands, Report P5.1. http://edepot.wur.nl/120583. Accessed June 20,
2011.
29
Cook NJ, Lund K, Feddes J, Schaefer AL, Haley DB, and Church JS. 2008. Economic and welfare
comparison of three group housing systems for gestating sows and gilts. Final Report to the Alberta Livestock
Industry Development Fund (Project # 2003A056R). www.afac.ab.ca/research/projects/08sowhousingstudy.pdf.
Accessed October 2, 2011.
30
Bates RO, Edwards DB, and Korthals RL. 2003. Sow performance when housed either in groups with
electronic sow feeders or stalls. Livestock Production Science 79:29-35.
31
Ivey B. 2007. Sows can flourish in pen gestation. In: Proceedings of the Sow Housing Forum (Des Moines,
IA). www.pork.org/filelibrary/SowHousing/2007SowHousingForum/Proceedings/BobIvey.pdf. Accessed April
15, 2010.

9

32

Anil L, Anil SS, Deen J, Baidoo SK, and Wheaton JE. 2005. Evaluation of well-being, productivity, and
longevity of pregnant sows housed in groups in pens with an electronic sow feeder or separately in gestation
stalls. American Journal of Veterinary Research 66(9):1630-8.
33
Seibert L and Norwood FB. 2011. Production costs and animal welfare for four stylized hog production
systems. Journal of Applied Animal Welfare Science 14:1-17.
34
Seibert L and Norwood FB. 2011. Production costs and animal welfare for four stylized hog production
systems. Journal of Applied Animal Welfare Science 14:1-17.
35
European Commission. 2001. Communication from the Commission to the Council and the European
Parliament on the welfare of intensively kept pigs in particularly taking into account the welfare of sows reared
in varying degrees of confinement and in groups. Brussels, Belgium, January 16. http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:52001DC0020:EN:HTML. Accessed June 21, 2011.
36
Cook NJ, Lund K, Feddes J, Schaefer AL, Haley DB, and Church JS. 2008. Economic and welfare
comparison of three group housing systems for gestating sows and gilts. Final Report to the Alberta Livestock
Industry Development Fund (Project # 2003A056R). www.afac.ab.ca/research/projects/08sowhousingstudy.pdf.
Accessed October 2, 2011.
37
Boggess M. 2007. NPB Sow Housing Calculator. Sow Housing Forum Des Moines, Iowa, June 6.
www.pork.org/filelibrary/SowHousing/2007SowHousingForum/Proceedings/MarkBoggess.pdf. Accessed June
20, 2011.
38
Levis DG. 2009. Sow Housing Alternatives Calculator. National Pork Board, Swine Extension Educators InService, Bettendorf, Iowa, January 6-8.
39
Lammers PJ, Honeyman MS, Kliebenstein JB, and Harmon JD. 2008. Impact of gestation housing system on
weaned pig production cost. Applied Engineering in Agriculture 24(2):245-9.
40
Lammers PJ, Honeyman MS, Kliebenstein JB, and Harmon JD. 2008. Impact of gestation housing system on
weaned pig production cost. Applied Engineering in Agriculture 24(2):245-9.
41
Lammers PJ, Honeyman MS, Mabry JW, and Harmon JD. 2007. Performance of gestating sows in bedded
hoop barns and confinement stalls. Journal of Animal Science 85(5):1311-17.
42
Lammers PJ, Honeyman MS, Kliebenstein JB, and Harmon JD. 2008. Impact of gestation housing system on
weaned pig production cost. Applied Engineering in Agriculture 24(2):245-9.
43
Lammers PJ, Honeyman MS, Kliebenstein JB, and Harmon JD. 2008. Impact of gestation housing system on
weaned pig production cost. Applied Engineering in Agriculture 24(2):245-9.
44
Personal correspondence with Marlene Halverson, Senior Animal Welfare Consultant, Farm Forward,
November 14, 2011.
45
Halverson M. 1998. Management in Swedish deep-bedded swine housing systems: background and behavioral
considerations. West Central Region of the Soil & Water Conservation Society, Manure Management
Conference, February 10-12, Ames, Iowa.
46
Honeyman MS. 1995. Västgötmodellen: Sweden’s sustainable alternative for swine production. American
Journal of Alternative Agriculture 10(3):129-32.
47
Halverson M, Honeyman M, and Adams M. 2006. Swine System Options for Iowa; Swedish Deep-Bedded
Group Nursing Systems for Feeder Pig Production. Iowa State University Extension.
www.leopold.iastate.edu/sites/default/files/pubs-and-papers/2006-09-swine-system-options-iowa.pdf. Accessed
October 14, 2011.
48
Halverson M. 1998. Management in Swedish deep-bedded swine housing systems: background and
behavioral considerations. West Central Region of the Soil & Water Conservation Society, Manure
Management Conference, February 10-12, Ames, Iowa.
49
Personal correspondence with Marlene Halverson, Senior Animal Welfare Consultant, Farm Forward,
November 14, 2011.
50
Li Y, Johnston L, and Hilbrands A. 2010. Pre-weaning mortality of piglets in a bedded group-farrowing
System. Journal of Swine Health and Production 18(2):75-80.
51
Halverson M, Honeyman M, and Adams M. 2006. Swine System Options for Iowa; Swedish Deep-Bedded
Group Nursing Systems for Feeder Pig Production. Iowa State University Extension.
www.leopold.iastate.edu/sites/default/files/pubs-and-papers/2006-09-swine-system-options-iowa.pdf. Accessed
October 14, 2011.

10

52

Honeyman MS. 2005. Extensive bedded indoor and outdoor pig production systems in USA: current trends
and effects on animal care and product quality. Livestock Production Science 94(1/2):15-24.
53
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
54
Honeyman MS and Roush W. Undated. Outdoor pig production: a pasture-farrowing herd in western Iowa.
Iowa State University. www.extension.iastate.edu/Pages/ansci/swinereports/asl-1498.pdf. Accessed June 23,
2011.
55
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
56
Honeyman MS and Roush W. Undated. Outdoor pig production: a pasture-farrowing herd in western Iowa.
Iowa State University. www.extension.iastate.edu/Pages/ansci/swinereports/asl-1498.pdf. Accessed June 23,
2011.
57
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
58
Honeyman MS and Roush W. Undated. Outdoor pig production: a pasture-farrowing herd in western Iowa.
Iowa State University. www.extension.iastate.edu/Pages/ansci/swinereports/asl-1498.pdf. Accessed June 23,
2011.
59
Honeyman MS and Roush W. Undated. Outdoor pig production: a pasture-farrowing herd in western Iowa.
Iowa State University. www.extension.iastate.edu/Pages/ansci/swinereports/asl-1498.pdf. Accessed June 23,
2011.
60
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
61
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
62
Cain PJ and Guy JH. 2006. Counting the cost of improved welfare for breeding sows in the UK. Journal of
Farm Management 12(8):427-42.
63
Norgaard NH and Olsen P. 1995. Economic analyses of new pig production systems–focused on reduced
capital input. Statens Jordbrugs – og Fiskeriokonomiske Institut, Report No. 83, Copenhagen.
64
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
65
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
66
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
67
Norgaard NH and Olsen P. 1995. Economic analyses of new pig production systems–focused on reduced
capital input. Statens Jordbrugs – og Fiskeriokonomiske Institut, Report No. 83, Copenhagen.
68
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
69
Norgaard NH and Olsen P. 1995. Economic analyses of new pig production systems–focused on reduced
capital input. Statens Jordbrugs – og Fiskeriokonomiske Institut, Report No. 83, Copenhagen.
70
Honeyman M and Weber L. 1996. Swine system options for Iowa. Outdoor pig production: an approach that
works. Iowa State University. www.agmrc.org/media/cms/SA9_4209BA751CCB6.pdf. Accessed June 14, 2011.
71
Seibert L and Norwood FB. 2011. Production costs and animal welfare for four stylized hog production
systems. Journal of Applied Animal Welfare Science 14:1-17.
72
U.S. Department of Agriculture, Economic Research Service. 2004. Calculating the food marketing bill.
Amber Waves, February. www.ers.usda.gov/amberwaves/february04/indicators/behinddata.htm. Accessed June
6, 2011.
73
Kyriazakis I and Whittemore CT. 2006. Whittemore’s Science and Practice of Pig Production, Third (Ames,
Iowa: Blackwell Publishing, p.57).
74
Norwood FB and Lusk JL. 2011. Consumer Expressions In: Compassion, by the Pound: The Economics of
Farm Animal Welfare (New York, NY: Oxford University Press, pp.258-305).

11

75

Seibert L and Norwood FB. 2011. Production costs and animal welfare for four stylized hog production
systems. Journal of Applied Animal Welfare Science 14:1-17.
76
Seibert L and Norwood FB. 2011. Production costs and animal welfare for four stylized hog production
systems. Journal of Applied Animal Welfare Science 14:1-17.
77
Honeyman MS, Pirog RS, Huber GH, Lammers PJ, and Hermann JR. 2006. The United States pork niche
market phenomenon. Journal of Animal Science 84:2269-75.
78
Seibert L and Norwood FB. 2011. Production costs and animal welfare for four stylized hog production
systems. Journal of Applied Animal Welfare Science 14:1-17.
79
Successful Farming. 2007. Pork powerhouses 2007.
http://images.meredith.com/ag/pdf/2007SFPorkPowerhouses07.pdf. Accessed May 16, 2008.
80
Walzer P. 2011. Smithfield: 30% of hogs not in gestation crates. The Virginian-Pilot, June 22.
http://hamptonroads.com/2011/06/smithfield-30-hogs-not-gestation-crates. Accessed June 27, 2011.
81
Pig Progress. 2007. Maple Leaf cancels sow gestation crates. February 2. www.pigprogress.net/news/mapleleaf-cancels-sow-gestation-crates-386.html. Accessed November 4, 2011.
82
Maple Leaf Foods. 2007. Maple Leaf endorses U.S. industry direction on sow stalls. Press release issued
January 31. http://investor.mapleleaf.ca/phoenix.zhtml?c=88490&p=irol-newsArticle&ID=956262&highlight.
Accessed November 11, 2011.
83
Honeyman MS, Pirog RS, Huber GH, Lammers PJ, and Hermann JR. 2006. The United States pork niche
market phenomenon. Journal of Animal Science 84:2269-75.

12

